T o paraphrase the biologist François Jacob, the dream of every mitochon drion -the cell's energyproducing organelle -is to become two mitochon dria. On page 139, Lee et al. 1 report that two different dynamin proteins act sequentially in the process of membrane division that divides a mitochondrion into two. One aids the initial mitochondrialmembrane constriction, and the other enables the final stages of lipid constriction necessary for membrane fission. Mitochondria have an essential role in cellular function, and gaining a better understanding of how they divide might shed light on human diseases caused by their dysfunction.
Mitochondria exist as a highly dynamic, interconnected network of organelle struc tures known as a reticulum, which undergoes repeated rounds of fusion and division 2 . These remodelling events distribute mitochondria throughout the cell, aid the maintenance of mitochondrial numbers and metabolic capa city, and ensure that mitochondrial genomes are efficiently dispersed throughout the reticulum 1 
.
Cell biologists have long sought to under stand how membranebound organelles divide, and how they pinch off membranous vesicles to transport proteins and nutrients throughout the cell. Research in this area has often focused on the dynamin family of proteins, GTPase enzymes that assemble in a collarlike structure around the constricting lipid 'necks' of budding membranebound vesicles or tubular organelle structures 2, 3 . The hydrolysis of the molecule GTP pro vides energy that drives changes in dynamin structure; these conformational changes squeeze dynaminencircled lipid membranes together until membrane division occurs, through a process known as fission 3 .
Some dynamins
2 can constrict vesicles with diameters of 100 nanometres down to the approximately 10nm diameter required for membrane fission. However, mitochondria have diameters ranging from 500 to 1,000 nm (ref. 2) , and two lipid membranes. This mitochondrial scale means that substantially greater remodelling is needed for mitochon drial fission than for the membrane fission of vesicles.
The sites on the mitochondrialmembrane surface at which division will ultimately occur are initially marked by contact with the endoplasmic reticulum (ER), another cellu lar organelle 2 . These contacts are thought to initiate mitochondrialmembrane constric tion by polymerizing actinprotein filaments, which provides force for remodelling of the mitochondrial tubule 2 . The mitochondrial dynaminrelated protein Drp1 is recruited to these preconstricted contact sites and assem bles in helical and ringlike structures on the membrane surface 2 . However, whether Drp1 assembly and enzyme activity constrict the mitochondrial tubule to the point of fission was unknown.
Lee et al. noticed that cells lacking dynamin 2 had an excess of fused mitochon dria, which provided a hint that dynamin 2 might have a role in mitochondrial division. Using highresolution light microscopy, the authors monitored dynamin 2 at sites of mitochondrial division. Simultaneously observing dynamin 2 and Drp1 revealed how these proteins act to fully constrict a mitochondrial tubule. Using electron micro scopy, Lee and colleagues measured the size of mitochondrial constrictions that accumulated in the absence of dynamin 2. This revealed that Drp1 mediates mitochondrial membrane constriction to a diameter of approximately 100 nm, and dynamin 2 then completes the membranetubule constriction to the point of fission (Fig. 1) .
This finding was a surprise because dynamin 2 had previously been associated mainly with the fission of vesicles that medi ate endocytosis, the process of uptake of extra cellular mat erial 3 . Another surprise was the sequential use of two different dynamins at separate stages of organellemembrane con striction, which hadn't been observed before.
Drp1 and dynamin 2 share some evolution arily conserved features with the rest of the dynamin family, particularly in the structural domains that drive assembly of these pro teins around a constriction. Each dynamin also binds specific proteins and lipids, which determine where it functions in the cell. A key area for future work will be deter mining how the sequential constriction of mitochondria proceeds through the three stages described by Lee and colleagues: from the initial ERinduced constrictions to the Drp1 assembly that constricts the diameter of the mitochondrion, and finally the regu lated recruitment of dynamin 2 to the Drp1 constricted site that is required for membrane division. These are separable events, which should allow molecular dissection of each step individually.
For example, microscopy by Lee and colleagues revealed that, in the absence of dynamin 2, Drp1 was recruited to a con stricted mitochondrial tubule, giving rise to a 'frustrated' division event in which a narrow mitochondrial tubule covered with Drp1 pulled and contracted, but did not divide. Earlier work 8 showed that loss of Drp1 led to ERmediated partial constrictions, creating mitochondrial structures similar to beads on a string. Studying such intermediate states will help researchers to understand how each of the two dynamins is recruited and assembled to divide mitochondria.
Lee and colleagues' discovery means that mitochondria should be taken into consid eration when interpreting observations of dynamin inhibition by genetic or pharma cological means. For example, mutations in dynamin 2 are linked to human disorders such as Charcot-Marie-Tooth disease and centro nuclear myopathy 9 . Although research has focused on errors in endocytosis and vesicle transport to explain these diseases 9 , alterations in mitochondrial dynamics might contribute to the pathology. Similar neurodegenerative characteristics are also caused by inherited mutations in mitochondrial proteins, includ ing Drp1 (ref. 
QUANTUM COMPUTING

Efficient fault tolerance
Dealing with errors in a quantum computer typically requires complex programming and many additional quantum bits. A technique for controlling errors has been proposed that alleviates both of these problems.
DA N I E L G O T T E S M A N
Q uantum computers have great potential for solving certain computational prob lems -such as simulating chemical reactions or exotic quantum materials -that seem to be intractable for regular comput ers. However, although the leading experi ments have achieved error rates of less than one error in every 1,000 operations 1 , a large quantum algorithm might require millions of operations, and even a single error could result in the wrong answer. Future largescale quantum computers will therefore need to be programmed in a 'faulttolerant' way so that they can get the correct answer in spite of a low but nonnegligible error rate. Unfortu nately, existing errorcorrection approaches come with a major drawback: they require many additional quantum bits (qubits). Writing in Physical Review X, Yoder et al. 2 propose a more efficient method for perform ing certain faulttolerant quantum operations using fewer qubits than existing approaches.
To deal with errors in a quantum computer, the computer's memory is protected by a quantum errorcorrecting code. The qubits that we wish to protect are supplemented by additional qubits that spread out the quantum information; a carefully designed code identifies errors by detecting changes in the correlations between the qubits. Errors in a quantum computation can be thought of as a disease that strikes certain qubits at random. The errorcorrection procedure is a cure for the disease, but one that is in limited supplyif the error rate is low enough, only a few qubits get sick and they can be cured efficiently, but if there are too many errors, our treatment abilities will be overwhelmed.
As long as the qubits simply sit there, error correction is relatively straightforward. But quantum computations require interactions between the qubits. If one qubit is sick, it can infect other qubits with which it interacts, and the error can propagate. Therefore, the 2 propose a technique for eliminating errors in a quantum computer. a, The authors first allow the quantum bits (qubits) of the computer to interact in small groups. An error (red) that occurs in one qubit can spread to other members of the same group (indicated by the arrows). b, After a potential outbreak, the qubits are immediately checked and the source of the error is identified. This source is corrected (green), and qubits that were in the same group are marked for tracking and later correction (denoted by stars). c, The qubits then interact in different groups. d, Finally, the qubits are checked again and the previously marked qubits corrected.
